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THE VIRGINIA DEMONSTRATION ROAD 


A DESCRIPTION OF THE PROJECT AND DATA RECORDED DURING CONSTRUCTION 


Reported by A. C. BENKELMAN, formerly Associate Research Specialist, Division of Tests, U. S. Bureau of Public Roads 


7 ‘HE Virginia demonstration road was constructed 


to determine the influence of a number of 

materials and methods of construction upon the 
behavior and life of concrete pavements. It consists 
of G0 sections varying in length from 100 feet to 1 mile, 
and with an aggregate length of 12 miles. The work 
has been done as a Federal-aid project by the Virginia 
State Highway Commission under the direction of 
Henry G. Shirley, chairman, and C. S. Mullen, chief 
engineer, and is known as project 336, sections C, D, 
and EK. 
The location is on the main route from Washington, 
D. C., to the Valley of Virginia between Fairfax and 
Warrenton and crosses the famous Bull Run battle- 
field. Previous reports have been made concerning 
the construction of this project.’ 

OBJECT OF THE INVESTIGATION DISCUSSED 

As indicated by the number of sections constructed, 
the experiment embraces a large number of variables. 
The slab cross seetion was varied in several instances, 
but study of this factor was not a primary object, since 
the efficiency of the standard Virginia cross section 
S inches thick at the edge, 6 inches thick at the center, 
and 1S feet wide) was not in question in this investiga- 
tion. It was desired primarily to learn the relative 
benefits or adverse effects of different aggregates, 
different admixtures, different types and weights of 
reinforcement, different methods of finishing, various 
methods of curing, and different methods now used for 
the control of transverse and longitudinal cracking. 

In order to properly evaluate these variables, there 
was included also a study of the influence of such factors 
as subgrade conditions, climatic conditions during con- 
struction, the consistency and water content of the 


concrete mixes, and the strength of the concrete as 
indicated by tests on cylinders, cores, and beams. 


GENERAL FEATURES OF PROJECT DESCRIBED 


The new road in general follows the horizontai align- 
ment of the old Warrenton Turnpike. The vertical 
aligniient was modified to such an extent that in only 
a very) few instances does the new surface rest directly 
upon (he old roadbed. The original road was in exist- 
ence »| the time of the Civil War and perhaps many 
Years prior to that period. It has been improved from 
time | 


time and has served as a line of travel to the 
Valley of Virginia from the east. The earlier improve- 


ments involved the construction of a stone base and 
sand-«'.v or broken shale surface. The character and 
thickno<s of the base depended apparently upon the 
hature of the subgrade encountered. Large bowlders 
Were used for the sub-base in the clay soils and poorly 
draine! areas and shale fragments were used in other 
locations. F 

The new road was built with State equipment and 
oe labor. A superintendent, acting under the 
airect 


: . of the resident and district engineers of the 
State highway commission, was in charge of the 
' Hocen: iLER, C. A. VIRGINIA BUILDING 
Roads, vol. 7, No. 6, ‘Aug., 1926. — ¥ 

—. J.C. VIRGINIA DEMONSTRATION ROAD. 

. Ng « Highway Research Board. Dec. 2, 1926, 
108243—28—— 
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various construction activities. A field camp was 
established in the fall of 1925 at the quarry on project 
336 C (station 485) and served as the operating base 
for the construction of projects 336 C and D. The 
camp was moved during the summer of 1927 to a new 
quarry site on project 336 E (station 900) and con- 
struction of this project carried on from this point. 





A TypicaL SECTION OF THE 


LOAD 


Materials were proportioned from stock piles at the 
respective operating bases and were transported to the 
mixer in trucks. The concrete was mixed with a 
4-bag 21-E Koehring paver equipped with a batch 
meter and water-control mechanism. The water was 
pumped to the paver from near-by streams and was 
generally clear, free from impurities, and gave a satis- 
factory strength ratio in all tests. 

The maximum grade of the new pavement is 7 per 
cent. There are oaly a few changes in alignment in 
the entire road and these are so slight that the pavement 
is not superelevated. 

The Virginia specifications require a 6-foot shoulder 
on fills with an enbankment slope of 1% to 1 and a 
7-foot shoulder in cuts with a slope of 1 to 1. The 
shoulders are composed of the natural soil with a slope 
of one-half tach to the foot. 


MANY VARIABLE FEATURES INCLUDED IN DESIGN 


Table 1 shows the character of the various sections, 
listing the general and special features, the length and 
location by stations, and date of construction. The 
major differeices in the details of the section are as 
follows: 

1. Three cross sections, 8-6-8, 9-7-9, and 7-‘ach 
uniform. 


2. Three methods of finishing—hand, Vibrolithic, 
and machine (Ord and Lakewood). 

3. Five admixtures—hydrated lime (5 and 8 per 
cent), Celite (3 per cent), diatomaceous earth (3 and 
4 per cent), calcium chloride (2 per cent), and Cal 
(5 per cent). 

4. Five methods of 


curing—wet earth, calcium 


chloride, and sodium silicate (surface), calcium chloride 
and Cal (in the mix). 
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Federal- 
aid 
project — 
and Length 
section 
No. 
336 .C 
1 
2 
3 
) 
5 
6 
ba 860. 5 
9 552. 0 
10 1, 625. 0 
11 205. 0 
12 475.0 
13 120. 0 
14 365. 0 
15 87.0 
16 308. 0 
17 53. 0 
18 77.0 
19 120.0 
20 685. 0 
21 200. 0 
22 422. 5 
23 625.0 
24_ 737.5 
25 2, 780. 0 










26C 491.0 


26D 439.0 
27 1, 189. 0 









30B 1,170.0 






1, 530. 0 


























424 633. 0 





434A 880. 0 
43B 620. 0 
44 670.0 


45 1, 340. 0 





50.. 1,579.0 


51_.| 1,303.0 


52 1, 450. 0 






Station 


From— 


293 +00. 
332+35 
35 


+ 


462+05 
462+92 
466+-00 
466+-53 
467+30. 
468+ 50. 


475+35 
477 +35 


481+-57 


187 +8 
495+- 20, 


523+-00 


531+-77 


536 +68 
541+07 


599+-02 
600+-07 
614+R80. 
630+-10. 
635+-97 
645+-37 


655+14 


670+20 


685+ 10 
685+61 
699-+85. 
714+87 


730+-00. 


745+20 


SOS+-11 


820-+-58. 
$34+-02. 
§845+-92. 
860+-00. 
981+-29. 


996+-75 


1, 0014-35. 


1,017+14 


1, 042+58 


0 
0 
0 
0 
0 


0 
0 


332+35 


434+-15 


457+20 
458+40 
4§2+-05 
462+-92 
466+-00. 
466+53 
467 +30. 


468+-50. 
475+35 
477 +-35 
481+-57 
487+82 
$95-+-20 
23+-00. 


136 +-AS 


552+06 


774+90 


781+60. 


795+-00. 


SOS+-1] 


$20+-58. 
$34+-02. 
$45+-92. 
860+-00. 
873+-33. 


990+- 56. 


1, 001+-35. 
1, 017+14. 


1, 030+-17. 


1, 057+-08, 


Date of construe- 


tion 
From To 
1926 1926 
May 6 May 
May 19 May 
May 24 May 
May 25) May 
do May 
do June 
June 14 | June 
June 19 June 
June 22. June 
June 23° June 
June 28 June 
June 29° June 
June 30 do 
do July 
July 1 do 
July 2 July 
do do 
do do 
do do 
July 6. July 
July 7 do 
July 8& July 
July 9 July 
July 12. July 
Apr. 21) Apr 


1927 


May 27 
May 25 
May 23 


May 2 
May 16 


] 
I 


Oct 4 


Sept. 25 
Sept. 21 
Sept. 16 
Sept. 11 


Sept. 3 


Sept. 1 
Aug. 28 
Aug. 13 
Aug. 11 
Aug. 9 
Aug. 2 
1927 


June 29 


July 1 
July 9 
July 14 


July 20 
July 23 
Sept. 3 
Sept. 21 
Aug. 30 


Aug. 24 


Aug. ll 


1927 


May 


do 


1926 


May 
Nov 
Nov 
Nov 
Nov 


Nov 


19 
29 
24 
Or 
26 
14 
18 
» 
23 
26 
28 
30 


l 


Y 


10 


13 


o- 
“i 


& 


$ 


oR 


23 


Nov 


Nov. 


Sept 
Sept 
sept 
Sept. 


sept 


15 


r 
4 


on 
24 
21 


16 


ll 


Sept 3 
Aug. 81 
Aug. 28 
Aug. 13 
Aug. 11 
Aug. 9 
1927 
July 1 
July 6 
July 14 
July 18 
July 22 
July 26 
Sept. 3 
Sept. 23 
Sept. 2 
Sept. 27 
Sept. 16 


Cross 
section 


sf 
S-f 
S-th 
Sf 
SH 
SH 
S—th 


sh 


Sh 
sh 
sS-t) 
st) 
S-f) 
SH 
8-6 
sh 
“Hh 
8-6 
S-6 
7-inch un 
form 
do 


sh 
St 


Sty 
S—ty 


sf 
S—f) 


form 
S-ty 


Soh 
S—f) 
S-f 
s-—6 


s—-f 
S-f 
S—f) 
s-6 
S-6 
S—f 
sh 
sf 


s—t 
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8 
~ 
s 
& 
s 
s 
Ss 


ys 


pee ae ie ie ae ie Ae Ae ie ie iy 


xs 


Ss 


7-inch uni- 


S 
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Finish 


Vibrolithic 
do 
Hand 
do 
do 
do 


do 


do 


do 
do 
do 
do 
do 


Ord 


Hand 

Ord 
do 
do 
do 


do 


do 
do 
do 
do 
do 
do 
do 
do 


do 
do 
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Curing 


Wet earth 


Wet e 


Sodium silicate (sur 







pounce 
chloride 
per cent 
chloride, mixes 


do 


do 
do 
do 
do 
do 
do 


face) 


per cent 
chloride, mixed 
Cc 


per 
mixed 


Ss cal 


rth 


cent 


ur 
surface 


calcium 


calcium 


al., 


\ 





TABLE 1, 


admixtures 


per cent lime 
S per cent lime 
9 per cent lime 


per 


cent Celite 


cent calcium 


chloride 
) pe 


cent Cal 


Cement 
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eke oe 
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gate agereg 
A Stone A 
A do 
\ di 
N di 
A do 
\ dk 
\ d 
\ ic 
A d 
\ Ti 
A | 
A i 
A d 
A | 
A ! 
4 i 
A 1 
A 1 
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\ 
A 
A 
\ 




























































































































rection for bulking of 


sand. 


* Corrected for sand bulking. 
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‘ of Virginia demonstration road 


Reinforcement 


Afix 
Per 
ian 100 
rype square 
feet 
Pounds 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 Welded fabric, 1 42 
layer 
2:4 Welded fabric, 2 So 
layers 
1:2!9:3lg do SS 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
a4 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
2:4 
j 
1 
i 
4 
i 
i 
j Bar mat, | layer “w 
do Mw 
Expanded metal, | 12 
| 1 layer j = 
Welded fabric, 1 42 
layer 
Bar mat, 2 layer 100 
Bar mat, | layer Mw 
lo 0 
Expanded metal, 42 
1 layer 
Welded fabric, 1 42 
layer 
Dx 


Joints 


Transverse 


Construction 


Noon and night 
do 
do 
do 
do 
do 


1 


do 
do 


do 


Noon and night 


Expansion 


c-inch, 40 
feet 
do 
do 
g-inch, 60 
feet. 
'o-inch, 40 
feet 
lo-inch, 60 
feet 
le-inch, 40 
feet 
lg-inch, 
night 
f'.-inch, noon 
\ and night 
do 
do 


Lo-inch, 
feet 


40 


'y-inch, noon 
and night 


do 
do 


do 
do 
do 


l inch, noon 
and night 


avo 
do 
do 
do 
do 
do. 
do 


do 
do 


do 
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Longitudinal 


Steel center 
doweled 
do 
do 


int, 


Planes of weakness 


40 


40 § 


40 


10 
40) 


4) 
40 
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), an 
), an 
),an 


40 


40 
40 


LOO 


100 
100 
100 


100 
100 
100 
100 
100 


“sg inch diameter deformed bars, 4 feet long, spaced on 5-foot centers, 3 inches from surface. 


: Nature 
ial 
2 es ofs ¢ reenings 
L. P. W 
i er of tar paper 
do nch of stone screenings 
i vers of tar paper 
lo 
do er of Mosinee paper 
lo 
10 
do of stone screenings. 
do 
I P W 
loweled 
f stone screenings 
if stone 


screenings 


e screer 1Zs 
ee 
L.P.W 
i. Fs we 
I WwW. I 
weled 
L.P.W ne screenings 
a ae s ¢ 
f ne screenings 
stone screenings 
hes of stone screenings 
f ne screenings 
ne screenings 
hes of stone screen- 
ae 
doweled 
ao 
do 
do 
do 
do 
de 
d 
do 
dc 
do 
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Subgrade treatment 


Location (stations 


412+50 to 420+2.5 


420+-2.5 to 428+63 
428+-63 to 434+15 
434+-15 to 435+00 


Entire section 
461+-60 to 462+05 
Entire section. 


Do 
468+-90 to 471+00 and 


73+-00 to 475+00. 
75+60 to 476+75. 





485+-00 to 485+50 


488+-00 to 488+40 


5464+-80 to 547+40 


604+60 to 606+-27 
610+50 to 611+50 


618+-75 to 619+50 





640+-50 to 641475 


+50 to 679+ 50 
34-25 to 684+-75. 
1681 +-20 to 682+-20. 





779+00 to 781+60 
781+60 to 786+75 


7934-25 to 794425. 


zs 
S 
v—. 
4 
C2 
3 

he 
Ke 


srmeri reread) y 
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5. Materials—three cements (two Portland and 
lumnite), two sands (different character and grading), 
two crushed stones (same character and grading, 
different sources), and two gravels (same character, 
different grading). 

6. Five mixes—1:2:4, 1:24%:3%, 1:3:3%4, and 
1:14:38, all without correction for bulking, and a 
1:2:4 mix with correction for bulking. 

7. Three types of reinforcement—welded 
(single and double layer) expanded metal 
layer) and bar mat (single and double layer). 

8. Joints—transverse (construction and expansion) 
and longitudinal. 

9. Planes of weakness—-transverse (with different 
spacing) and longitudinal with and without dowels. 

10. The subgrade consisted of 10 different soil types, 
some of which were treated with l-inch and 2-inch 
layers of stone screenings and one and two layers of 
tar paper and one layer of Mosinee paper. 


fabric 
(single 





Usinc Hanp FiLoat Berore BELTING 


FINISHING CONCRETE SURFACE WITH LoNnG FLoat 
DETAILS OF VARIABLE FEATURES DESCRIBED 


Cross section——In the thickened edge design the 
subgrade was parabolic from the edge to the center. 
The pavement surface of the hand and machine 
finished sections was curved with a crown of 244 and 
2 inches, respectively. 

Finishing —The tools for hand finishing consisted 
of a steel strike-off template 10 inches in width and 
weighing 600 pounds, a transverse wooden float 24 
inches in width, and a belting machine. Six men, 
three at each end, manned the strike-off template. 
Three men spread the material and three tamped ahead 
of the template. In addition, two men spaded the 
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material along the side forms. Generally three n 
were engaged in floating, belting, and finishing; t\ 
were employed in wetting and placing burlap. 

The Vibrolithic concrete was mixed, deposited, i 
screeded as in the of hand finishing. At 
screeding, coarse aggregate was applied uniformly 
the surface at a rate of 50 pounds of stone per sqi 
yard and was vibrated into the fresh concrete by hit 
of the vibrolithic platforms and motor carria 
Following this process, the pavement was finishe: 
the usual manner with transverse float and belt 
machine. 

Of the finishing machines, the Lakewood mac} 
had the combination tamping and screeding featu 
while the Ord had only the screeding feature. B 
machines were new and represented the latest mod 
the respective companies It was possible to redaui 
the labor required by six men with the use of ei 
machine, as compared to hand finishing. 

Admirtures. The hydrated lime, celite, and di 
maceous earth were used to determine their effect u 
the workability and quality of the concrete. They 
added dry to each batch of material at the proport 
ing plant, the percentages of each being based upol 
weight of the cement. The Cal and ealerum chlo 
were used as a substitute for surface curing. ‘|| 
former was added dry to the mix and the latter 
first dissolved in water and was then added as 
materials were being emptied into the drum olf 
mixer. 


Curing 


cause 


Where concrete containing Cal and cal 
chloride was laid the pavement surface was prot 
with wet burlap for 24 hours and then exposed to 1 
weather without further attention. In the wet- 
method the earth covering was applied in a 2- 
laver within 24 hours after laying and was moiste' 
twice a day for two weeks. The calcium chloride 
applied to the surface within 24 hours in the dry 
at a rate of 2 pounds per square vard. The so 
silicate was mixed with water in the proportions | 
water to 3 parts sodium silicate and applied t 
surface in such quantities as not to run or colle: 
pools. As in the case of the Cal and calcium chi 
used as admixtures, no further attention or treat 
was given the pavement surface. For all the va 
methods of curing the surface was covered with 
burlap during the initial 24-hour period. 

Materials —All materials were such as woul: 
selected to’ obtain a first-class concrete. The 
brands of cement (noted as A and B in Table 1 
conformed to the standard A. S. T. M. requiren 
and gave practically the same results in labor 
tests. 

One of the two sands used (designated as sand A 
a washed river sand consisting largely of suban 
and rounded grains of quartz, chert, sandstone 
gneiss, and had a silt content of 2.5 per cent. The 
other (sand B) was washed bank sand cons -ting 
largely of angular quartz particles with some graius ©! 
feldspar, and contained 0.5 per cent of silt. 

The crushed stone was a local diabase rock, of excep- 
tional quality, having a low absorption value, a high 
degree of toughness, and a low percentage of 
The crusher-run material between the 2%-inc!l 
14-inch round screens was used. 

The gravel was a washed bank material cons 
mainly of rounded fragments of quartz and 
The maximum and minimum sizes of the coarse : 


and 


and 


sting 
ert. 
avel 








‘T)- 
i 


oh 
nd 
ing 


vel 
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(No. 1) corresponded to that of the stone, while the 
fine gravel (No. 2) ranged from 1% inch to 4 inch. 
Representative test results of the various aggregates are 
given in Table 2. 


TABLE 2.—Test results of aggregates for concrete 


MECHANICAL ANALYSIS 





Total retained 


sieve 
Stone A Stone B ‘oe es Sand A Sand B 
Percent Percent Percent | Percent Percent Percent 
2-in 16.0 20. 0 0 5.6 
1\4-in . 39. 6 44.4 0 a4. 2 |... 
%4-inct 78.3 79.0 37.0 72.3 
\-inel 97.0 97.4 94.2 94.7 : 
No. 10 - i 16.0 25.0 
No. 2 30. 3 54.4 
No. ) E 84.0 95. 0 
No. 100 7 95.4 99. 2 
PHYSICAL PROPERTIES 

Percentage of wear__. 2.8 3.0 13.4 13.4 
Hardness 18.7 19.0 
Toughness 18.0 18.0 , Laieeh ain 
Absorption, per cent 0.10 0.08 0. 36 0. 36 
Weight per cubic 

foot, pounds 186 ISS 163 163 - 
Silt, per cent = : 2. 25 0.5 
Strength ratio at 7 

days, per cent - 103 103 
Strength ratio at 28 

lay per cent . 103 

by. \ 
| + 





STONE QUARRY 
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Correction for the bulking of the sand was not made 
in the 1 : 2: 4 mix used in sections 1 to 25 and 44 and 45 
in the 1: 1%:3 mix (sections 43 A and 43 B), in the 
1:24:3% mix (section 9), or in the 1 33 :3% mix 
(section 38). In all other cases the 1 4 mix was 
conrected for bulking and approac hed a ” field mix of 
1: 24%: 4 proportions 





GENCRAL VIEW OF FINISHING OPERATIONS 


Reinforcement.—The sections in which reinforcement 
was used and the details of the mats together with 
related information are given in Table 3. 

Joints.—Construction joints formed by removing a 
wooden header and laying the new concrete directly 
against the old were installed at noon and night on 
project 336 C and on section 45 of project 336 D. On 
projects 336 D and E, %-inch expansion joints were 
placed every 40 feet for a distanc e of 500 feet on each 
side of all bridges. Otherwise, 14-inch bituminous felt 
expansion joints were installed at noon and night op 
project 336 D (section 45 excepted), while a double 
thickness of the same m: aterial was installed in a like 
manner in the sections of 336 E. 

Planes of weakness. The planes of weakness or im- 
pressed grooves were approximately 2% inches deep by 
one-fourth inch wide at the base and from one-half inch 
to 1 inch wide at the top and were installed with a 
special machine, the Flex-Plane. The machine bridged 
the pavement slab and traveled on the side forms 
immediately behind the hand screeds or finishing ma- 


TABLE 3.—Details of reinforcing mats 


Planes of weakness Joints 


S apart; other longitudinal bars are spaced at 2434 inches. 


Weight —— 
m > wh | “oo 
—T Trans Verse Longitu- | Construc- , 7 ni a . , er I 
spacing dinal tion Expansion weet ——— - saat —— 
Pounds inches 
| 7 None ... None Noon and 42 Round §-gauge 6 by 6 inches -- 6 | 244 inches. 
One lays led fi . night. 
ed fabric | 33 40 and 100 feet. Groove Noon and night 42 do i do 6 Do. 
41 do ... None YS = 42 do | do 6 Do. 
Two] | 8 | None do__...... Noon and 85 do j do 6 2% inches (up- 
‘ Wo lay velded fabric night. per layer). 
, 9 .do do _ Oe ; ; z 85 do i do 6 To. 
One lay inded metal_.'/ 32 | 40 and 100 feet Groove Noon and night 42 | Square Diamond : 6 24 inches. 
\ 40 .do : None _.do 42 do do : 6 Do. 
| 30 A. = Groove .do 50 Round $<-inch 21 by 24% inches 15 Do. 
& One lays mat t___. 30 B None do 40-foot cente rs 50 do de do 15 Do. 
i ' “| ~4 : }40 ind 100 feet. None__. ......-.... Noon and night 50 do lo 21 by 21 inches 15 Do. 
5 ’ 7 
By Two lay ir mat... 36 do = % Se 100 do l do 15 2% inches (up- 
= per layer). 
i : : 
a ane ba its have two marginal bars 4 inches apart. Mats (sections 30 A and B) have in addition a longitudinal bar on each side of the longitudinal plane of weakness 
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chines. It was used to install both longitudinal and 
transverse grooves and was adjustable so that it could 
be used on pavements up to 24 feet in width. 

When a longitudinal groove was being installed a 
spading tool which operates as the machine is propelled 
forward first opened a preliminary groove by displacing 
or pushing aside the coarse aggregate. After the 


UsinG THE FLEX-PLANE APPARATUS 

machine has been moved forward a distance of 10 feet 
a V-shaped metal form was forced into the depression 
by means of a mandrel and two compression screws 
on the machine. The mandrel was then raised and 
moved out of line. The machine was again pro- 
pelled forward and another form placed. These two 
forms are then connected and held in horizontal align- 
ment by an expanding bar. In the installation of a 
transverse groove a form is set on a mandrel and forced 
into the undisturbed pavement surface by means of 


“ABLE 4. 


Spac- Joints 
ing of 
dowels 
acToss 
longi- 
tudinal 
plane 


Spacing of 
transverse 
planes 


Planes of weakness Section 


Construction Exp 


Feat 
40 and 100 


Feet 
Noon a 


do 
do 
do 
do 
do 
do 


do_. 


.do 
do. 


Transverse - . .do. 


do 
do.. 


42 A and B 
43 Aand B 
44.. 

(12to 19 
log 


do. 


do. 





Noon and night. _ 
ae 60-foot 

10-foot 
Night 
Noon 
do 


do 


|30.B.... 
a 
\46 A_ 

47 A 

48 A 

20 and 21 
22 


“ 


Longitudinal only. 


ra Noon and night 
do do 
and 

do 


30 A 
3 do 
3 


3 do... 


Transverse and 
longitudinal. ), and 50 
do... 


' an 


,4 do 


do 


do... 


do.. : ; 
do 
do 
Transverse with and 100 


steel center joint. 


Details of sections 


do.. 
do... : 


do 7% 


.do_- 


.do.. 


and night 


Noon and night 
h..<« 


do.. 
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compression screws. In some instances considerable 
difficulty was experienced in the installation of 
transverse grooves. 

As a general rule the expanding bar and V forms 
were removed the morning following their installation 
No trouble was experienced in removing the forms 
when the concrete adjacent to them had been edged. 
The accompanying illustrations show the manner in 
which the metal forms are lifted and a view of a trans- 
verse and longitudinal groove formed by this method 

The planes of weakness were installed transversely 
only, longitudinally only, in combination, and in com- 
bination with a longitudinal steel center joint. Table 
4 gives details of the sections involving these planes of 
weakness combinations. 

In the sections where reinforcement was used _ in 
combination with the longitudinal plane of weakness 
the steel mats were continuous across the slab. In a 
number of sections the slabs formed by longitudinal 
planes of weakness were connected by dowels, but in 
no instance were the slabs formed by transverse planes 
of weakness connected by dowels or reinforcement 

Two sections and 28) were constructed with a 
tongue-and-groove doweled center joint for comparison 
with sections having the longitudinal plane of weakness 

Subgrade.—Ten different types of soil are represented 
in the natural subgrade. The character of these 
various types ranges from a friable, well-drained shale 
to a dense impervious clay. The heavy grading and 
bridge work was generally completed the same yea 
is the paving. No artificial drains were used in the 
experimental sections and, excepting an occasional 
layer of stone screenings and both double and singl 
layers of tar paper on certain sections, no special 
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ed 
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iniolving planes of weakness 


Reinforcement Curing 


ansion 


nd night Wet earth Diatomaceo 
3 per cent 
CaCl, surface 
CaCh, mixed_. 
Wet earth 
do 
do 
do 
do. 


CaCl, 2 per 
Bar mat, 2 layers 
Bar mat, 1 layer 


Expanded metal, 
do 


...do 
do 
do. 
ao 
do. 
do 
do 
do 
do 
do 
do 
do 
do 


centers 
centers , llayer 
Gravel No 
Gravel No 
Stone B 
Stone A 
do 
Bar mat, 1 layer do 
Expanded metal, lo 
1 layer. 
Welded 
1 layer. 


fabric, do Wet earth 
Gravel No. ‘ 
Gravel No 
Stone B 

do 

do 

do.. 

do 


Stone 


do 

do 

.do 

do_.. 
Naas. Os (sur) 
CaCh, mixed 
Cal, mixed 


Wet earth. 


l 


CaCl, 2 1¢ 
Cal, 5 per 
A 
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treatment was given the subgrade. The stone screen- 
ings were used more to expedite construction than as a 
subgrade treatment. 

Weather.—In addition to the normal daily variation 
in temperature, humidity, and wind velocity, seasonal 
variations in weather from early spring to late fall were 
encountered. 


CONSTRUCTION OPERATIONS CLOSELY OBSERVED 


From two to four observers from the Bureau of 
Public Roads were assigned to the project to obtain 
iaformation on the construction and behavior of the 
different sections. As a general rule representatives 
of interested commercial organizations assisted in 





li NISHING LONGITUDINAL AND TRANSVERSE PLANES OF 
WEAKNESS WITH STEEL Strips IN PLACE 
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REMOVING STRIP FROM 


NGITUDINAL PLANE OF WEAKNESS 





LONGITUDINAL PLANE OF WEAKNESS JuUsT AFTER REMOVAL 


STRIP 


familiarizing the organization with special construction 
features of the sections or with the operation of special 
equipment. The observations included the following: 

Subgrade.—The number of soil types, their marked 
difference in character, and the variety of subgrade 
conditions encountered suggested that special emphasis 
be placed upon this phase of the investigation. <A 
general survey was made, in cooperation with the 
Bureau of Chemistry and Soils of the Department of 
Agriculture, showing the location and extent of the 
soil types, the thickness of the layers, and variations 
in character within the types. Representative samples 
of the different layers of the various types were selected 
and tested in the laboratory of the Bureau of Public 
Roads. Samples were also taken from the finished 
grade at every station immediately prior to paving 
and tested in the same manner. 

Data collected during the progress of the preliminary 
and final grading and immediately prior to paving 
were as follows: 

1. Time of preliminary and final grading with respect 
to the time of placing the concrete. 

2. Condition of the soil with respect to its moisture 
content, type of hauling, and intensity and frequency 
of rolling during heavy grading. 

3. Condition of the soil with regard to compactness, 
degree of smoothness or rutting prior to paving. 

4. Nature and extent of underlying shale and rock 
and their position relative to the pavement. Infor- 
mation was obtained from the Jandowners along the 
right of way pertaining to the nature and location of 
underground springs and seepage areas. 
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The accompanying illustration shows a subgrade con- 
dition resulting from the variable stability of the soil 


encountered in certain locations. All such outstanding 
conditions that existed or developed in the grade during 
the course of construction were fully described and 
classified and it is expected that information concerning 
the influence of such conditions upon slab behavior will 
be obtained from these locations. 





BapLY RuTTED SECTION OF SUBGRADE 


Weather.—Hourly observations of the atmospheric 
conditions were made throughout the period of con- 
struction. Such information as temperature, relative 
humidity, degree of clearness, and intensity of prevail- 
ing winds were obtained, as well as the amount of rain- 
fall. 

Materials.—Inspection was maintained at all times as 
to the quality and quantity of the materials being used 
in the concrete. Tests for gradation were made on 
representative samples of the coarse and fine aggregate 
from each day’s run. In addition, four samples of 
sand were collected each day, on which moisture deter- 
minations were made. These latter tests were prim- 
arily for the purpose of computing the water-cement 
ratio of the mix and for correction for bulking of the 
sand induced by moisture variations. Each car of 
cement was sampled and tested in accordance with the 
specifications of the Virginia Highway Commission. 
During construction of project 336 E in 1927 samples of 
cement were obtained and tested from those batches 
from which the beam and cylinder specimens were 
made. 

Admizctures and curing agents. —-The effect of integral 
materials upon the workability and yield of the con- 
crete was observed. Ease of handling and finishing 
were considered as measures of workability. Yield 
data were obtained from records of number of batches 
and thickness and length of pavement. 

Steel reinforcement—Observations were made con- 
cerning the depth of the steel mats from the surface, 
the degree of lapping of the mats, and the additional 
labor necessary to handle and install the mats in the 
pavement. 

Finishing methods.—Observations on the different 
methods of finishing included the amount of labor, the 
relative compactness of the mass after the operation, 
and the effect upon the vertical and horizontal align- 
ment of the forms. 
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Condition surveys were made 24 hours after placing 
when the wet burlap was removed and after the eu 
period, which was about one month. Future surveys 
are to be made each spring and fall. The surveys 
include observations of the developed surface and slab 
defects, such as checking, cracking, breakage, 
faulting. The behavior of the planes of weakness 
expansion joints is also observed. 

Record charts ——A graphic chart was made to cor: 
iate and show in a condensed manner the results 
observations made during the construction of the r 
Figure 1 shows a typical record covering about 1, 
feet of pavement slab. 

These records give in detail the time of depositing 
the concrete and the time of finishing and cove 
the pavement with wet burlap. They give the sluimp, 
the water-cement ratio, and the temperature of ¢| 
concrete at the time of depositing. The conditionoi 
the atmosphere as regards wind, clearness, humidit: 
and temperature when the concrete was poured | 
shown. They indicate the thickness of the slab at 
25-foot intervals and contain information on the sub- 
grade such as a description of the soil type and condi- 
tion of the grade immediately prior to paving. ‘The 
depth and extent of the cuts and fills at the center 
line of the road and the relative position of the ground 
line on either side are shown by a profile. They givea 
picture of the condition of the pavement at 24 hours 
after the curing periods and at subsequent periods 

Test specimens.—Three 6 by 12 inch compression 
cylinders were cast from a representative batch of each 
day’s run. The location of the batch in the pavement 
slab was marked, and a core was drilled from the 
location subsequent to the curing period. The 
core and cylinder were then tested in compression 
simultaneously. 
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TypicaL CONDITION 


OF PAVEMENT IN May, 192 


On project 336 D and in sections 46, 47, and 18 0! 


project 336 E, in addition to the compression -ylin- 
ders, five 6 by 6 by 30 inch beams were cast eac: day 
from the same batch of material. These were ured 
in & manner similar to the pavement slab and were 
tested by bending (cantilever method) at ages of 7, 14; 
21, 28, and 90 days. In sections 49, 50, 51, anc 52,4 
special study of curing methods was made, and « total 
of 320 beams was cast, 80 to each section. 1 each 
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WEATHER CONDITION 
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SURFACE CHECKING ARE EAcH INDICATED BY CopE NUMBERS, THE Key TO WuicH 1s Not GIVEN 


section 20 beams were cast on four different days, and 
half of the number were cured in the same manner as 
the pavement slab, while the other half were exposed 
to the weather after the usual protection for 24 hours 
with wet burlap. These specimens were tested at 
1,2,3.5, 7, 14, 28, 90, 180, and 360 days, respectively. 
_ Proposed studies in connection with the project 
includ: a study of the relative smoothness of the sec- 
tions «nd of the influence of different types of joints 


108243—258—— 2 


upon the riding qualities of the surface. A study has 
also been suggested concerning the load-transferring 
properties of the longitudinal plane of weakness as com- 
pared to the steel center joint. 

This report is limited primarily to a description of 
the project and a brief discussion of the nature of the 
data obtained during its construction. Later reports 
will deal more directly with particular phases of the 
investigation. 
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RESISTANCE OF PORTLAND CEMENT CONCRETE TO 
THE ACTION OF SULPHATE WATERS AS INFLUENCED 


BY THE CEMENT’ 


By DALTON G. MILLER, Drainage Engineer, Division of Agricultural Engineering, United States Bureau of Public Roads 


N CONNECTION with investigations of the action 
| of sulphate waters on concrete draintile, laboratory 
experiments with cement concrete cylinders made 
with 12 standard Portland cements and stored in 1 per 
cent solutions of sodium sulphate (Na,SO,) indicated 
great differences in resistance to disintegration, as pre- 
viously reported.» The experiments were therefore 
broadened to include 18 other cements and also check 
tests of cylinders made of 22 of the 30 cements and 
exposed to the mixed salts of the natural alkali waters 
of Medicine Lake, 8S. Dak., 18 miles northwest of 
Watertown. 

Analyses of water samples taken from Medicine Lake 
at different seasons of the year have shown a total salt 
content ranging between 2.34 and 4.72 per cent, con- 
sisting aimost entirely of magnesium and sodium 
sulphates. An average of four analyses of water sam- 
ples taken December 10, 1923, February 14, 1924, April 
29, 1924, and July 1, 1925, are given in Table 1. 

TABLE 1.—Average of four analyses of water from Medicine Lake, 
S. Dak.) 


RADICALS 


(Cue) | C8 | Mg | NOs Cl | 80, | COs | HCO; Total 
ptt tsamanes PER LITER (PARTS PER 1,000,000 
3, 036 717 5, 079 1 5092-27, 021 8S 313 36, 764 
PERCENTAGE REACTING V aarne 
10. 38 2. 93 36. 69 0. 01 1. 01 48. 22 0. 30 0. 46 100. 00 
1 Analyses - the water and beverage laboratory, Bureau of Chemistry and Soils, 


U. 8. Department of Agriculture. 
TEST CYLINDERS DESCRIBED 


Each series of test cylinders consisted of five batches 
made on different days, and nine 2 by 4 inch cylinders 
were made from each batch. The cylinders were mixed 
in the proportion of 1:3 by volume with a relative con- 
sistency of 1 and water-cement ratios ranging between 
0.59 and 0.64, as shown in Tables 2 and 3. The aggre- 
gate passed all standard physical tests and was sepa- 
rated into screen sizes and recombined for each batch 
to produce a fineness modulus of 4.67. The cylinders 
to be stored in solutions in the laboratory were cured 
1 day in the moist closet, followed by 20 days in dis- 
tilled water, and at 21 days were transferred to earthen- 
ware jars containing 2.6 gallons of 1 per cent solution 
of sodium sulphate (Na,SO,), 20 cylinders to a jar. All 
solutions were changed at the end of the first week, 
after which they were changed every two weeks for the 


1 Paper presented before the American Society for Testing Materials at Atlantic 
City, June, 1928, and also reported as Univ. of Minn. Paper No. 779, Jour. Ser 
This paper is the result of experiments at University Farm, St. Paul, Minn., in the 
draintile laboratory conducted by the department of agriculture of the University 
of Minnesota and the U. 8. Department of Agriculture. 

? FOUR IMPORTANT FACTORS IN THE MANUFACTURE OF CONCRETE PIPE FOR ALKALI 
soits. Transactions of the Amer. Soc. Agr. Engineers, vol. 20, p. 180. (1926.) 
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first year and, following the one-year test, were changed 
every four weeks. 

The cylinders in those series to be stored in Medicine 
Lake were cured 1 day in the moist closet and 20 days 
in distilled water, and then hardened 5 weeks in air in 
the laboratory. Excepting for this air hardening period 
there was no intentional difference between the cy!|- 
inders stored in the laboratory solutions and those in 
Medicine Lake. Check cylinders in all cases were 
stored in tap water in the laboratory tank. 

In certain of the tables and figures reference is mace 
to the ‘‘life’’ of different series. By this is meant thx 
average time in weeks required for ten 2 by 4 inch 
cvlinders to each increase in length 0.01 inch (0.25 of 
1 per cent). Many tests in the laboratory, dating 
from 1921, have shown that such an increase in length 
for cylinders of this type of concrete stored in sodium 
and magnesium sulphate solutions is indicative of 
strength losses of 50 to 65 per cent. <A general dis- 
cussion of this method of rating was presented in an 


TABLE 2. Tests of 2 by 4 inch concrete cylinde rs, 1:3 miz, ? 
of Portland cements from different plants and stored ir 
cent solution s of sodi wm sulphate { NaySO,) 


[Each result is average for 5 or 10 cylinders made on five different day 


Average of compression tests 


A bsorp | 


Cement Water . 
laboratory “<''®S cement) tion at Stored in water Stored in 
: > . solutions 
) ratio | 21 days 
7 days 2days, l year | l year 2 years 
Lbs. per Lbs. per Lbs. per Lbs. per Lbs. pe 
Per cent: sq.in. | sq.in. | sq.in. | sq. in sy. 17 
40 7 0. 60 5. 60 3, 310 4, 600 6, 480 5, 310 5, Tei 
97 379 64 6. 11 2, 710 4,610 6, 000 5, 850 4, 800 
79 376 62 5. 90 3, 180 4, 640 6, 410 5, 520 4, 400 
{ 25 60 ». 51 3, 460 4, 790 5, 860 5, 930 4, 280 
42 268 #2 6. 26 2, 450 3,580 | 6,220 4, 900 4, O90 
{ 97: 67 6.20 | 3,160 4,970] 5,730) 5,040 4,050 
262 60 5.8 3, 010 4, 630 } 6, 250 5, O70 3, S6il 
113 73 64 6.17 1, 960 4,240 | 5,580 4, 840 
7 263 60 6. 26 4, 180 4,820 5,740 4, 600 2, 240 
gs8 380) 64 83 | 3,710) 5,380] 6,240) 5,150) 2,430 
10 408 62 62 4, 030 5, 970 5, 890 4, 780 1, 84 
0 411 62 & 3, 560 5, 450 6, 220 4, 360 1, 55 
39 264 60 s4 3, 280 5, 020 6, O80 4,790 1,910 
106 417 62 6. 18 2, 930 4,810 6, 040 3, 890 0 
65 312 . 60 6. O1 3, 090 4, 270 4,910 2, 930 { 
0 418 62 6.53 3,050 4,340' 5,410) 3,310 ( 
; 59 62 6. 37 2, 960 4, 280 5, 650 3, 510 1, 3% 
103 109 62 6. 04 3, 530 5, 480 6, 480 4, 030 1, 336 
110 170 . 64 6. 01 3, 660 5, 090 5, 560 2, 160 ( 
108 419 .62 80 3, 690 4, 970 5, 550 2, 610 ( 
101 107 62 72 3, 800 5, 760 6, 690 3, 630 
89 378 62 6 4, 200 4, 890 6, 550 2, 400 
SS 377 . 64 72 3, 570 4, 950 6, 660 2, 150 
63 272 60 75 2, 390 4,610 5, 950 1, 900 
60 270 60 6. 07 2, 300 3, 850 6,380 2 1,900 
33 274 60 74 3, 170 4, 880 5, 950 1, 730 
62 273 62 62 2, 480 4,470 5,760 41,640 
104 410 (2 6. 51 +, 0380 4,870 5,160 52,000 { 
111 471 64 94 3, 420 4,960 | 6,050 62,210 
100 106 62 6.42 | 2,860 4,980 | 5,740 71,950 
Average . 62 5. 97 3,170 4,810 5, 970 3, 650 1, 47! 


1 Estimated from change in length. 
2? Tested at 37 weeks 
Tested at 35 weeks. 
‘ Tested at 45 weeks. 
5 Tested at 30 weeks. 
6 Tested at 33 weeks. 
7 Tested at 39 weeks. 
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{Each result is average of five cylinders made on different days} 
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3 mix, stored 
Cylinders made of cements from 
the same lots that were used in the cylinders of Table 2 


Average of compression tests 
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same as the “‘life’’ 


Table 2. 

Results of tests of the cylinders stored in the labora- 
tory solutions are compiled in Table 2 and 
graphically in Figure 









































83 


Throughout this paper the order of 
arrangement of the data in all tables and figures is the 



































as recorded in the last column of 
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ABSORPTION 


WEEKS REQUIRED TO INCREASE 


PER CENT 


IN LENGTH 0.01 INCH 


unde r two 


ot | Series Pr, ws |. Figure 2 illustrates the wide 
eo eeeteateaed | Lake range of condition of cylinders of different series at 
two years. Results of tests of the cylinders stored in 
7days | days year | lyea Medicine Lake are given in Table 3. 
ratios of cylinders at one year, for both exposure con- 
Lbs. per | Lbs. per | Lbs. per | Lbs. per ditions, have been calculated assuming normal strength 
Per cent aq. in. sq. tn. sq. in, sq. in, . = e 
to be that of the check cylinders from the laboratory 
372 . 6 i 3, 120 ( 5, 72 , 6 : ‘ 3 poe Bo OY; ; ~ : 
3o2ez| ot} | «200| 4600 6170 cop tank. 7 hese results for the 22 cements subjected to 
' the two different exposure conditions are set forth in 
260 66 6.1 3, 340 4, 540 5, 980 5, 090 Table 4. 
; ; 3.3 2, 140 3,940 «6, 00 5,590 nn ie : 
— “ : Joi: oad , _ ABLE 4, Tests of cylind: made with 22 cements 
373 . 64 6.1 4, 220 4, 970 7, 050 3, 400 different exposure conditions at one year 
103 . 62 5.9 3, 860 5, 640 6, 630 4,410 
415 . §2 5.7 3, 520 5, 390 6, 500 | 4, 300 
414 62 6.1 3, 030 4, 410 6, 430 —_— el 97 79 34 113 98 102 105 106 65 107 103 110'108/101 89 88 63 33 62 104 111 100 
313 . 60 5.9 3, 150 3, 950 6, 050 2, 250 ‘ . 
415 62 6.5 2, 830 4,540 5, 920 2, 940 
| 
4) 626.0) ~=—-3,010| 4,380, «5, 470 3, 160 Per cent of normal strength at one year 
465 64 5.5 3, 660 4, 920 6, 910 4.850 | 
416 62 5.8 3, 670 5, 010 6, 510 ' 1,499 Stored in 1-per 
402 . 62 6.3 3, 680 4, 940 6, 290 2, 440 cent solution 
363 62 5.9 4, 010 5, 220 6, 730 670 of NaeSO, QS 8688 8783 8 64.60 61 62 39 48 4137 32/32) 0) O 
370 64 6.1 3, 730 5, 040 6, 540 8190 Stored in Medi 
257 . 59 5.8 2, 720 4, 290 5, 490 3, 190 cine Lake 8057.85 9348 67 66) 39/37 50) 58. 70 23) 3910 12/58/2717 
259 59 5.4 3, 340 4,780 | 5,900 1.590 7 : 
258 Bie &8 2, 960 3, 790 4, 580 800 . mm - 
405 62 64| 290 4,38 5,530 280 It is apparent from the data of Table 4 that, while all 
466 . 64 5.7 3, 810 5, 020 5, 860 3, 920 7 99 a - _ an or > - a 7 
al cl eal want amet. aes ® of the 22 cements have not acted entirely consistently, 
ge . 62 6.0 3, 310 4, 660 6, 060 2,830 = 3 MILLER, DALTON G. VOLUME CHANGE A MEASURE OF ALKALI ACTION. Public 
Roads, vol. 5, No. 4, June, 1924 
1 YEAR YZZJ 280AYS [__J 7DAYS RYO 
7000 r— ee = 
: 
6000 4, — g —_}-—-——__ 77} 77] g Y) % | — = 
7 HAYA 7 HunAvAA.ua 
sig 1A : gugugucecenezece 
ie ] : = rs ts Kd [a> oan 2 oe 
t~ id = 
4000 + HH HW HWE } 4 225 2 
4 us = wa OK 4 
2 1 a Re | | q 
3000 + be OH = } Py Bod Dd rs o's an not oe te Soe eee } ra. = eee 
2 es % * e % 1 Re Koy Re % % x) RY RI OR KS RI PI | | : b Md KS 
“4 se KA 4 4 RY MK “ % % x) RE RI RY OK ORS OK | . Ts kK dK 
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the inconsistencies have been few and none of the 
cements making either an exceptionally good or an 
exceptionally poor test under one condition showed a 
complete reversal under the other condition, with the 
possible exception of cement No. 111. 


PHYSICAL TESTS OF CEMENTS DO NOT FURNISH INDEX OF 
RESISTANCE TO SULPHATE WATERS 

Results of the standard physical tests of the 30 
cements are shown in Figures 3, 4, and 5, and it re- 
quires but cursory study to see the futility of using any 
of the standard physical tests as an index of the be- 
havior of any particular Portland cement in resisting 
the action of sulphate-bearing waters. 

A special fineness test was made on 7 of 


the 30 


cements, selected because of extreme showings made 
under exposure conditions, and the results of these 


tests are recorded in Table 5. It is obvious from Table 
5 and Figure 5 that the difference in fineness, however 
considered, is so slight as not to account for a differ- 
ence in the cements. 





Fic. 2. 


CONDITION OF CYLINDERS FROM SERIES 379, 417, 
AND 406 at ENp or Two YEARS, SHOWING WIDE 
DIFFERENCES IN RESISTANCE TO SULPHATE WATER 


CHEMICAL ANALYSES DO NOT PRODUCE RESULTS ON WHICH TO 


BASE CONCLUSIONS 


Standard chemical analyses of all of the cements are 
recorded in Table 6. As would be expected, there are 
differences in chemical composition, but authorities 
on the chemistry of Portland cements are not in com- 
plete agreement as to the principal compounds formed 
by the various constituents, and it is therefore not 
known that these chemical analyses can be so inter- 
preted as to be of value. 

The data of Table 6 have been condensed and con- 
sidered in Table 7 on the basis of averages by dividing 
the 30 cements into three groups. Group 1 contains 
the first 10 cements of Table 6, Group 2 the second 
10, and Group 3 the last 10. The average life of cylin- 
ders for the three groups (see Table 2) has been, 
respectively, 155, 79, and 40 weeks, the “life” ratio 
for the groups close ly approximating 4:2: 1. 

Examination of the data as averaged in Table 7 
fails to disclose any decided trend that appears to be of 
enough significance to account for the differences in 
resistance of the cements of the three groups. It is 
interesting to note, though, that the nearest approach 
to a trend is in the percentage of alumina, which, con- 
sidered with the percentage of iron oxide, lends sup- 
port to the theory of Le Chatelier ‘ of long ago that 


‘Le CHATELIER, 
WATER. 
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TABLE 5. Special fineness te 


sts of seven Portland cements diffe 
widely un 


resistance to alkali 


{ Analyses, other than 200 sieve, wet 


e made by Bureau of Standards, U. S. Depart: 
of Commerce !] 
Under 
Cement = Series in Pesnis Pp =e 
laboratory which | oo) ay, ie oto, 
oO used ee ee 60 10 2) 
microns microns | microns m 
I é Pe é Per cent Pe ent Pe t I 
40) 26 84.7 74.7 
41 26 S4. 1 74.6 66. 2 52. 1 4.0 
34 4 ) 82.8 
55 269 B38 7 i ’ i 
. f 257 (\ 
63 ~- 
, 272 \f . 
. | 25011 go : 
’ \ 274 J 7 
258 } - "> 
62 —_ S ) 2. ¢ 0: i mt. f 
\ eid J 
1 A description of the apparatu iy be found in the Bureau of Standard 
nologic Paper No. 48 


TABLE 6 Standard hemical analyses of Portland ce 


mien 





( l inalyses by the Division of Tests] 
Sul 
— ener ’ hi 
abora- |Seties) Sitiea | oxide | mina | lime | nests | anhys | i 
tory No. | N® | (Si92) | (pe.03) (A ©aQ) (MgoO)| dride | t 
su) 
Per cent P. ent Per cent, Per cent Per cent Per cent F r 
4) at 21.7 ’ 6. 53 62. 50 1. 59 1.77 4 
) 79 21. 45 2 6.4 62. 50 2. 97 1. 82 ’ 
79 7¢ 22. 85 1.2 4.05 61. 70 1. 92 1. 25 
l 26 21.13 2 Ss. SY 62. 40 49 1. 78 y-') 
12 268 20. 47 3. SS 6. 24 61. 82 3.4 SI 
34 275 22. 4 20 5. 03 62. 54 3. 7 41 Ly " 
5 262 21. 93 3. 42 6 62. 29 3. 44 1. 33 2 
113 473 24. 87 2. 39 4.5 61. 30 1. 26 1, 5S sf 
7 oF 21.5 2.89 R51 60. 64 | 1.8 1.04 2 x 
1s sO 22 2.82 58S 63 70 | “4 1.72 1.9 
102 408 21. 74 10 6.38 63. U6 1.99 1.76 1.47 
105 411 22. 45 2 5. 92 62. 70 1.79 1. 87 2. 7 
39 264 20. 82 3. 10 7.52 | 62.75} 1.12 1. 64 2.10 ’ 
106 $17 22. 40 3. 22 6.83 62. 65 1. 34 1. 22 2.1 y 
65 12 21. 80 2. 57 7. 69 62. 0 2. 46 2. l¢ 1. 18 Y 
107 418 21. 50 ? Si) 6. 30 62. OS 1. 21 1. 80 ; 
55 jo 2 2 2 78 6. 2 61.78 3.78 2.01 1.4 
103 40S 21 ) 63 61.40 5. 00 1, 34 
110 470 2 2. 42 6.48 63. 05 1. 76 1.49 2 
108 190 21.1 2. 70 7.40 63.3 1.77 1. 37 2.2 
101 407 21. 70 2. 70 6. 59 64.19 1. 27 1. 66 ] 
su 378 21. 60 5. 46 O4 62.75 2. 68 1. 68 2.7 
RA S77 22. 50 06 6. 39 62. 95 1. 30 1. 56 2.2 
63 272 22. 66 2 8.12 61. 87 1. 05 1.72 f 
60 270 22. 22 20 8. 06 62. 60 59 1. 47 it 
33 274 21.12 2. 48 6.82 61. 24 24 2. 01 ’ " 
62 273 20 2. 14 9. 61 63. 06 1. 56 1.72 2 ’ 
104 110 20.7 2.8 6. 2 61.16 1.9 1. 61 2 , 
111 71 20. 97 4.19 6.71 63. 43 1.4 1. 65 " 
100 40 21.28 14 7.72 61.33 2. 6 1. 53 ’ “s 
Ay 21.80 2 Of 6.70 62. 3€ 2. 24 1. 67 
TABLE 7. Vesulis of Table 6 condensed by dividing ceme 
three groups and averaging re sults Oo analyses for each 
Sul- 
Silica Iron Alu L ir Mag: phuric) La 
troup SiO oxid mina ‘aQ) nese anhy- | on ig I 
: Fe20 Al2,0 , (MgO) dride ti 
(SO, 
Per Per Per Per Per Per P Pea 
cent cent ent cent cent cent é ent 
l 22. 13 3.13 6. 33 62.14 2. 22 1.70 2 
2 21.73 2. 83 6. 64 62. 49 2. 22 1, 67 2 
3 21. 53 2. 97 7.13 62. 46 2. 27 1. 66 ] 


Portland cements low in alumina and high in ion are 
neory, 


resistant to sea water. Unfortunately for this 
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TABLE 8.—Lime-silica indexes of 30 cements 


Lime- 
Cement laboratory No. Silica Cement laboratory No. 
index 
40 2.16 | 107 : 
Q7 2. 26 55 
79 2.14 103 
4 2. 07 110 
4? 2. 27 108 
34 2. 21 101 
35 2.16 Su 
2. 64 |, 8S 
7 1.91 63 
YS 2. 21 60 
102 2. 24 33 
05 2. 22 62 
) 2. 21 104 
( 2. 14 111 
( = 32 100 
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reference to individual analyses of cements in the three 
groups (see Table 6) show several outstanding incon- 

Lime- — ststencies for which no ready explanation is evident. 

“LICA ~ 

ide 

gp 3 LIME-SILICA INDEX CONSIDERED 
2.24 It has been suggest that the “‘lime-silica index” 
>’ should be considered in determining the quality of a 
221 cement. Following the method outlined in the refer- 
231 ence given, the lime-silica index has been calculated for 
>i; each of the cements and are shownin Table 8. It is not 
#7 apparent how these results, which differ only slightly, 
2is are of value in considering the relative resistance to the 
5 action of sulphate waters 
2.11 MERRIMAN, THADDEUS. LIME \ INDEX AS MEASURE OF CEMENT QUALITY. 

ngineering News-Record, vol. 94, ° , 1926 
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COMPARISONS AS TO RAW MATERIALS SUGGEST FURTHER 
INVESTIGATION 

With the exception of two Canadian brands, all the 
cements came from American plants scattered through- 
out the Central and Western United States, and con- 
sequently the raw materials from which these cements 
were made cover a wide geological range. In attempt- 
ing to account for differences this thought opens 
another field for speculation, and after studying the 
data the impression remains that there does appear to 
be a tendency for cements from plants closely located, 
or cements known to be made of similar raw materials, 
to behave alike. As examples, consider together the 
following cements: 33, 60, and 63; 34 and 39; 40, 97, 





10 108 101 89 
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subsequently their behavior, judged by appearances, 
seemed to agree surprisingly well with the tests of the 
evlinders. Briquets of 16 cements were tested afier 
the standard seven-day test under two conditions of 
exposure. These tests, together with those made on 
cevlinders, make available records on four distinct con- 
ditions of exposure as follows: 

1. Cylinders without air hardening exposed to « 1 
per cent solution of sodium sulphate in the laboratory. 

2. Cylinders, after five weeks in air, exposed to the 
water of Medicine Lake. 

3. Briquets broken in the standard seven-day tests 
exposed toa l per cent solution of sodium sulphat; In 
the laboratory. 





104 HI 100 


Fic. 6.—ConNpDITION OF BrRIQUETS AFTER IMMERSION IN 1 PER CENT SULPHATE SOLUTIONS FOR Six MONTHS 
In Eacu Case THE Upper Hatr or BrIQUET WAS IMMERSED IN MAGNESIUM SULPHATE SOLUTION AND 
THE LoweR HALF IN SopiuM SULPHATE SoOLuTion. BrIQUETS MADE WITH STANDARD CEMENT FROM 


16 DIFFERENT PLANTS ARE SHOWN 


and 98; and 62,110, and 111. Thisis merely a thought 
and by itself has small value, but properly developed 
and considered might in some way not now foreseen 
help explain basic differences that must exist in these 
cements that have acted so differently under identical 
exposure conditions. 


BRIQUET TESTS FOR RESISTANCE TO SULPHATE WATER GIVE 
PROMISING RESULTS 


Irrespective of the fundamental causes for the dif- 
ference of behavior of these cements, there have been 
decided and consistent differences. It may be that the 
only possibility for the ultimate solution of this prob- 
lem is by the chemist, but it is clear that the engineer 
has immediate need for a satisfactory standard test for 
cements to be used in concrete to be exposed to the 
action of sulphate waters, that very poor cements may 
be eliminated from consideration. With this in mind 
experiments were conducted to determine an acceler- 
ated test, with results in most cases far from satisfac- 
tory. It was found, however, that when the standard 
briquets used in the seven-day test were immediately 
stored in a 1 per cent solution of sodium sulphate that 


4. Briquets broken in the standard seven-day tests 
exposed to a 1 per cent solution of magnesium sulphate 
in the laboratory. 

Figure 6 shows briquets from the laboratory sol .tions 
at six months, in all cases the upper half coming from 
a l per cent magnesium sulphate solution and the lower 
half from a 1 per cent sodium sulphate solution. It is 
evident from this illustration that deterioration had 
progressed much further in the sodium sulphate solu- 
tion at six months than had action in the magnesium 
sulphate solution. Considered alone from the ~-tand- 
point of an accelerated test, immersion in a 1 per cent 
sodium sulphate solution is the most promising 

In making these briquet tests the quantity |! each 
solution was at no time less than 1 gallon for «ich 1 
briquets and the interval of solution change in | 0 case 
exceeded four weeks. All solutions were kept «room 
temperatures of about 72° F. 

In the lower half of Figure 7 the ratings at six .onths 
of the half briquets from the 1 per cent solu: ons 0 
sodium sulphate (see fig. 6) on the basis of visual ppeal 
ance are compared with the strength ratios it one 
year of cylinders in which the same cements we ° used. 
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Fic. 7.—RESISTANCE TO THE ACTION OF SULPHATE WATER BY 


MINED AFTER DIFFERENT CONDITIONS OF EXPOSURE. N 
BY VisuaL INSPECTION AS COMPARED WITH THE CHANG 


(See Table 4.) Study of Figure 7 justifies the state- 
ment that the acceptance or rejection of any of these 
16 cements on the basis of the appearance of the bri- 
quets at six months would not have been very far 
wrong, when the action of the cylinders under both 
exposure conditions is considered. These comparisons 
are based on tests of specimens made entirely inde- 
pendently of each other without having in mind at the 
time a correlation of the data. They are in no sense 
selected tests, as the only reason for choosing the par- 
ticular 16 cements used is that they were the only 
Portland cements on which the tests under three condi- 
tions of exposure had been made. 

These tests lead to the conclusion that a very satis- 
factory six-month test for resistance to the action of 
sulphate waters can be made by following substantially 
the same routine, testing several cements simultane- 
ously in a 1 per cent solution of both sodium and mag- 
hesiul: sulphate and rejecting those giving evidence of 
more ‘lian very slight surface action after six months 
In either solution. 

The casibility of speeding up this test by increasing 
the str-ngth of the solution and by using leaner mixes 
natur: suggests itself. Attempts along this line 
have | on made, and are still under way, without 
Suffice’ ly consistent results to justify discussion, 


except say that there appears to be some possibilities 
along s line. Until a more accelerated test of at 
least © al reliability is developed, the one outlined 
Is Suge ed 

The - x-month briquet test has the distinct advan- 
tages « cliability, close approximation of severe but 
not ex i¢ field conditions, and does not require the 
makin additional and special test pieces. It has 
the di ‘antage of requiring five to six months for 
comple in, 

If it: sy be assumed that the resistance of a cement 
from ai: plant is reasonably constant, the time element 
5m ~\ ous, as tests need be made only often enough 

nal 


certain that no plant change has brought 


STANDARD PORTLAND CEMENTS FROM 16 PLANTS As DETER- 
OTE THE GENERAL RELIABILITY OF THE BRIQUET RATINGS 
E OF VOLUME AND COMPRESSION TESTS OF THE CYLINDERS 


about a change of resistance. On the other hand, 
if this assumption is incorrect and the output of a plant 
varies greatly in resistance, the time required for the 
test becomes a serious objection. Such evidence as 
has been collected in the laboratory seems to indicate 
that the resistance factor of a cement from any given 
plant is fairly constant. Complete and exact data 
to support this statement are now lacking, and a series 
of tests with eight brands of cement, definitely planned 
to clear up this point, is already well advanced. 

With so great a difference in resistance of concrete 
to the action of sulphate-bearing waters, the first con- 
sideration for all concrete to be exposed to such action 
should be the cement itself, and, regardless of all other 
precautions, the use of any cement of low resistance, 
as determined by special tests, should be avoided. 


SUMMARY 


1. Standard Portland cements from different manu- 
facturing plants may vary greatly in resistance to the 
action of sulphate waters, as evidenced by laboratory 
and field tests of 30 Portland cements after exposure 
periods ranging upward to more than three years. 
Under the same exposure conditions the more resistant 
cements have outlived those of least resistance by as 
much as eight times, while the most resistant 10 have 
had an average life very nearly four times that of the 
the 10 of least resistance. 

2. Portland cements that have failed quickly in the 
laboratory in pure solutions of sodium sulphate have 
ordinarily displayed low resistance in the field to the 
action of mixed salts. 

3. The most desirable Portland cements for concrete 
exposed to the action of sulphate waters are those that 
prove most resistant to the action of both pure salts 
and of mixed salts. 

4. Results of standard physical tests of Portland 
cements give no indication of resistance to sulphate 
waters. 


(Continued on page 92) 
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DETERMINATION OF PROPORTIONS OF CONSTITUENTS 
IN CONCRETE 





Reportei by L. G. CARMICK, Associate Chemist, Division of Tests, U. S. Bureau of Public Roads 


able importance to know the relative proportions 

of cement, sand, and stone that were used in the 
building of some concrete structure. If concrete proves 
good, we want to know why it is good, and if it is bad 
our first thought is usually a question as to the propor- 
tions used in making it. In practically every labora- 
tory where engineering materials are tested samples of 
concrete are sent in from time to time and the chemist 
is asked to determine their proportions. Many of these 
cases have a legal aspect in that the concrete is sus- 
pected of being other than as it should be. Perhaps 
the contractor is accused of skimping the mix. In such 
cases a dependable analysis is of the highest importance. 
At first thought it appears rather a simple matter to 
make such an analysis, but actually it is very difficult. 
This is true notwithstanding the fact that considerable 
work has been done on the problem in a number of good 
laboratories. 

The difficulties involved are of several sorts. In the 
first place there is apt to be considerable segregation 
even in well-mixed concrete and a small sample can not 
be considered as representative of a large mass. When 
we endeavor to avoid this error by taking a large num- 
ber of samples we are met by difficulties in the analysis 
itself and the lack of an entirely satisfactory method. 
The cement, sand, and stone are all composed of about 
the same constituents—silica, alumina, and lime, to- 
gether with some others that are present in lesser 
amount. The proportions differ in the different ma- 
terials, and while it is easy enough to tell how much 
lime the concrete contains it is not easy to say how 
much of it is from the cement and how much from the 
sand or stone. 

Bulletin 61 of the Iowa State College, Estimation of 
the Constituents of Portland Cement Concrete, by 
George W. Burke, offers a method that appeared to be 
highly promising, and the work reported in this paper 
has been an effort to determine the degree of accuracy 
which can be secured with it. 

Briefly, the method is as follows: A sample of the 
concrete, weighing from 1,000 to 1,500 grams, is broken 
into fragments of not more than 2 inches in size and 
heated in a muffle furnace for about three hours at a 
temperature of 600 to 700° C. This causes dehydra- 
tion of the set cement and should make it easy to sepa- 
rate and clean the coarse. aggregate by scraping or 
brushing. All material below one- quarter inch in size 
is called ‘‘sand-cement mixture.’’ A sample of this is 

ut aside for analysis and from the remainder an effort 
is made to secure a representative sample of the sand. 
This is done by sifting and rubbing in a mortar with a 
rubber-covered pestle. The process is described in 
detail in the bulletin. The sand-cement and the pure 
sand thus obtained are each analyzed for silica and for 
lime. A calculation can then be made of the propor- 
tions in the sand-cement mixture with either of these 


° YHERE are many occasions when it is of consider- 


‘data and assuming the percentage of lime or silica in 


the cement. 

For example, representing the proportional weight 
of the cement present by C and the proportional weight 
88 


of the sand by S, a unit weight of the mixture can be 
expressed by 


C+S=1 nate 


Knowing the lime content of the cement, sand, and 
sand-cement mixture we can write 


P.C+PS=P,, (C+S8)..- (2) 


in which P= per cent CaO in the cement, 


P,=per cent CaO in the sand, 
P,,, = per cent CaO in the sand-cement mixture, 


Solving equations 1 and 2 simultaneously, the values 
of Cand S may be calculated. In the same way caleu- 
lations may be made on the basis of the silica content of 
the materials. In using this method when a sample 
of the original cement is not available it is necessary to 


assume an analysis for it. Twenty-one per cent silica 
and 62 per cent lime are considered as about average 
Preliminary experiments, made by the Bureau of 


Public Roads but not given in detail here, have shown 
that when the coarse aggregate is limestone or dolomite 
the results obtained by this method are very uncertain. 
Baking the sample at 600° to 700° C. partially calcines 
most limestones, and if a lower temperature is used it 
is hard to disintegrate the concrete. Many small 
fragments of the limestone are sure to be included 
with the sand-cement mixture and seriously impair 
the accuracy of the results. Some other stones, such as 
granites which are not thoroughly sound, are easily 
broken down after heating. 

To obtain even approximately correct results by this 
method it appears to be necessary that the coarse 
aggregate be a rock that is not much affected }y the 
heat used, not easily crumbled, and noncaleareous, 
and also that the sand be noncaleareous and not much 
affected by dilute hydrochloric acid. 

As a test of the method, 10 small cylinders were made 
of a mortar consisting of 1 part cement and 2! parts 
Potomac sand which meets the above conditions 
These cylinders were analyzed and the results are givel 
in Table 1. The first three cylinders were treated 
exactly in accordance with Burke’s dry method. ll 
of the sand from cylinders Nos. 4, 5, 6, and 7 were 
washed with a 5 per cent solution of hydrochloric acid 
and the sands from cylinders Nos. 8, 9, and 1!) were 
washed with water. It seems evident that it is neces 
sary to wash the sand with acid, as otherwise it «armies 
with it a considerable amount of cement. It is apparent 
also that a much greater degree of accuracy is o! tained 
by using the true lime content of the cement 59.00 
per cent) instead of an assumed value of 62 pe» cent. 
Calculations made on the basis of the silica « ntent 
were so wide of the mark that they are not giv: 

Believing it possible to improve on the above results 
by greater care and attention to detail, another set o 
12 cylinders was made from the same ceme't a 
sand, using a 1 to 2 mix. 
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Tas_e 1.—Test results of analysis of cylinders made with 1 part 


cement and 2.5 parts Potomac sand 


ANALYSIS OF MATERIALS 


Sand and 
. cement 
er © Sant Cemen 
Per cent Sand ement mix (theo- 
retical) 
sO) SY. YO 20. 80 70. 16 
( ) . . 50 59. 60 17. 39 
ANALYSIS OF MORTAR CYLINDERS 
sand and ce- . Cement to sand, 
Sand 
ment parts 
i Lime 
N Based on content Remar k 
CaO’ | SiO; CaO true lime of cement 


content assumed 


of cement as 62 per 


cent 

ent Per cent Per cent Per cent 

44 16. 23 91. 38 1. 54 1 : 2. 95 1:3. 11 | 
75 16. 55 87. 80 3. 34 L732 1 : 3.42 |p>Sand brushed dry 
40 17.22) 8858, 274 1:292| 1:32.10) 
r 16. 69 95. 14 x0) 1: 2.60 1: 2.76 I)o, ei ones 
83 15.90) 94.73 18) PORT | rss | = ry * yen 
| 16.85 94.55 98) 12257] 2:37 aed a 
21 17. 06 94. 00 . 34 1:28 1:2. 69 
S7 16.41 90.17 | 12k) 12S3 ae * 
10 16.13 92. 18 1.97 1: 3.08 1:32 Sand * ashei wi 
7\ 1640! 91.290) 222!) 1:305| 1:32) YO 


The sands from the first four were brushed dry, 
those from the next four were washed with a 5 per cent 
hvdrochlorie acid solution, and those from the last four 
were Washed with water. The greatest care was taken 
in the preparation of the samples and in the analyses. 
The results are givenin Table 2 and show a considerable 
improvement in accuracy. It was again apparent that 
itis necessary to wash the sand with acid and to know 
the true lime content of the cement. This series also 
showed that the silica content is far less reliable as a 
basis for calculations. 





Tai Test results of analysis of cylinders made with 1 part 
cement and 2 parts Potomac sand 
ANALYSIS OF MATERIALS 
Sand and 
» , rere = : cement 
Per cent Sand Cement Gols (then 
retical) 
; i 89. 90 20. 80 66. ST 
od . 0 59. 60 20. 29 
ANALYSIS OF MORTAR CYLINDERS 
id ce- e Cement to sand, 
t Sand parts 
Cy) 
ler Lime eae 
No Based on | content Remarks 
. CaO SiO. Cao true lime | of cement 
5 content | assumed 
of cement) as 62 per 
cent 
Pe rcent Per cent Per cent 
‘ Oe 20. 00 88. 40 1.45 1:213 ae + 
- ‘ 19.80 88.70 165; 1:2.19 : 
— 67 19.85 | 89.00 1. 55 1:2.17 2 30 Sand brushed dry. 
ens 20.40 88. 65 1. 50 1:2.07 1:2.20 | 
c 20. 10 93. 25 . 30 : 2.00 72 . 
6 6 20. 45 93. 10 4 1 - : a ~ Sand washed with 
bowen.) 67 19.95 92.85 "25° 1:201| 1:213 f dilute HC! (5 per 
aes 19.85 93. 20 .20} 1:202] 1:215 |) cae- 
ee 20.20 | 88.15 1.40) 1:2:10; 1:222 
eg: a 20.25 | 88.65 1.45 1:2.09| 1:2.22 (Sand washed with 
12 20.35 89.10 1.35 | 1:207] 1:219 water. 
C 20. 05 88. 55 1.0 1:2.13 1:2.26 
_—_,.. 
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It is believed that 
mum degree of accui 
case of mortars when 
almost ideal. 

Continuing the inv: 
were cast, using the 
and a 1:2:4 mix. T 
clean siliceous pebbles 


second series shows the maxi- 
that can be hoped for in the 
conditions and materials are 


ration, 10 concrete evlinders 
‘sand but a different cement, 
coarse aggregate consisted of 
neh or less in size. The test 
results are given in Table 3. Again a great improve- 
ment is noted in those cases where acid washing was 
resorted to. 


TABLI 2 Te { re its oO} of cylinders made with 1 part 


nent, 2 parts I ac sand and 4 parts gravel 
NAL MATERIALS 
Sand and 
re ent sand Cement cement 
theoretical) 
Sin R9. 90 91.15 66. OS 
( ) 50 61.10 20. 70 
ANALY CYLINDERS 
=} ‘ 2 
( wa -_ 
= -¥- . Propor 
nder = = = a" Remarks 
N bewewes vc 
r ~ = sift { { { 
r it = & 
} I I P. 
04 7 2 14 67. 2 10. 9 8 ? 23:4.00) 
—_ nad hea 
9 "115. 66 19 136. 66.1 4 2] 9 34-4.9,)5and brushed 
260 740 366 154 65.70 S. TI 2.30 1:2. 37:4.80 dry 
75 63 20 14 f ) 5 3 2. 03:4. 38 1. 
681) 357 173. G8 OF = | 1:2 06-3 93 | Sand washed with 
, 760 367| 188 67.75 2 93. 22 % 1:1.95:4.04 U (9 =—per 
- 
l 63 3555 185 66.45 2 13. 40 15 1:1.90:3. 43 cent). 
225; 73. 333 (1 67.10 2 10.8 2. 20; 1:2. 12:4. 68), : 
' 85 610 333 142 66.2 89 1.85 1:2. 34:4. 30 }54nd washed with 
1 45 640 34 ) 66.00 2 0.15) 1.70 1:2.17:4,02} Water. 


The following conclusions are drawn from these ex- 
periments : 

(1) It is of the utmost importance to have samples 
of the original constituent materials used in making the 
concrete. It is particularly necessary to know the 
true CaO content of the cement, as actual variation 
from an assumed value may introduce a considerable 
error. 

(2) Caleulations should be made on the basis of the 
CaO content of the cement. Those made on the basis 
of silica content are not at all reliable. 

(3) Reasonable accuracy can not be secured unless 
the fine aggregate is siliceous and little affected by 
dilute hydrochloric acid, and the coarse aggregate a 
noncaleareous rock which will not be broken down by 
the necessary heating. 

(4) Washing the whole of the sand with dilute hydro- 
chloric acid secures greatly increased accuracy. 

(5) The best results which can be obtained by this 
method are only approximate, since- 

(a) Results having a high degree of accuracy can 
not always be obtained by the analyses of samples of 
known composition; and, 

(b) Small samples of concrete such as would be used 
in this method may not be truly representative of the 
mass from which they were taken. 

(6) The limitations which have been pointed out 
and the lack of accuracy under highly favorably con- 
ditions show that this method is of practical value only 
when approximate rather than exact information is 
desired. 
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A NEW MOIST-CLOSET AND STORAGE TANK 
APPARATUS 


Reported by D. O. Woolf, Junior Materials Engineer, Division of Tests, U. S. Bureau of Public Roads 


HE Division of Tests of the Bureau of Public 

i Roads has recently completed the installation 

of a new moist-closet and storage-tank apparatus 

for cement test specimens. This equipment was 

designed, constructed, and erected by the division 

personnel and replaces a wood frame apparatus which 
had been in use for a number of years. 
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Fic. 1.—Morst CLoset aNp STORAGE TANKS witH HvumMib- 
IFYING AND TEMPERATURE CONTROL APPARATUS 


Testing engineers have long appreciated the necessity 
of controlling to a greater degree the humidity and 
temperature of the air in which neat cement pats and 
mortar specimens are stored for the first 24 hours. 
In addition to this, it is known that the temperature 
of storage water has a considerable effect on the 
strength of the mortar, and should be kept between 
certain definite limits to obtain comparable results 
from tests made at different times. As a result of 
consideration of these effects, the following requirement 
has recently been added by the American Society for 
Testing Materials to their standard methods for testing 
Portland cement: 

The temperature of the room, the materials, the mixing water, 
the moist closet and storage-tank water sball be maintained as 
nearly as practicable at 21° C. (70° F.), and the mixing water, 
moist closet, and the water in the storage tank shall not vary 
from this temperature more than 3° C. (5° F.).! 

In the design of this apparatus an effort was made to 
obtain the following: 

1. Structural soundness. 

2. Control of temperature of the moist closet air 
and storage water. 

3. A high percentage of humidity in the moist 
closet and means for obtaining this humidity quickly. 

4. A system of control of temperature and humidity 
which could easily be applied to moist-closet and 
storage-tank apparatus. 

The tanks and moist closet shown in Figure 1 are 
made of soapstone and supported by a steel frame. 


1A.8.T. M. Standard Method, serial designation C 9-26 
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Fic. 2.—GENERAL VIEW OF CLOSET AND STORAGE TANKS 


Three-inch channels were used as the main members 
of the frame and the assembly was joined and stiffened 
with gusset plates and tension rods. The completed 
apparatus is thoroughly rigid and shows no structura 
weakness. Leveling screws were necessary on each 
foot because of the unevenness of the laboraton 
floor. Figure 2 shows a view of the complete instal- 
lation. 

Each of the two storage tanks has an 8-inch dept! 
of water and has sufficient space for about 1,66 
briquetes or 1,300 2-inch cubes. The moist closet has 
three shelves for briquetes or cubes. If necessary 
the two upper shelves can be removed and tal! spect 
mens cured in the cabinet. 

There are three features of special interest in thi 
apparatus. One is the electrical apparatus for heating 
and controlling the temperature of the water used t 
cure the test specimens. The heating is done |»y fou! 
helical coil immersion water heaters which are mounted 
in a pipe coil ( fig. 1, A) at the right end of the struc 
ture. The heated water then passes through « fifth 
section of the coil which contains an electric imiersi! 
thermostat (fig. 1, B) for controlling the temperatut 
of the water. Expansion or contraction of « glas 
rod in this instrument actuates a pony relay (fig. 1, ¢ 
which in turn opens or closes a magnetic switch (lg 
1, D), through which current to one or more of thi 
heating units may be carried. The tempera‘ure 
the supply water may be regulated by contro’ of th 
number of heating units in operation, by adj)stmel! 
of the thermostat, or by regulation of the quant! 
of the water flowing. 
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It is the present practice to adjust the valves in the 
water line to deliver the desired flow of water and then 
to turn on the number of heating units necessary to 
furnish a water temperature just under that which is 
desired. The temperature is then raised and_ held 
to the desired degree by the heating element controlled 
by the thermostat. With an appreciable change in 
the te mperature of the water supply it is necessary to 
regulate the thermostat accordingly. 
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SECTION A-A 
Fic. 3.—Deraits oF Fuse PivuG 
The temperature of the laboratory tap water fre- 
quently rises above 75° F. during the summer months 
and necessitates some method of cooling the water 
when i! is used for storage. This is usually done by 
icing or by the use of an automatic electric refrigerat- 
ing mechine. In the present installation the “bleed” 
of the iced drinking-water system for the office build- 
ing is ised to supply the water for the moist closet 
and stvrage tanks. The water is delivered to the heat- 
Ing col at a temperature of about 50° F. and is heated 
to the desired temperature. It is possible that the 
most -.tisfaetory results could be obtained by the 


use © refrigerating machine, but with cold water 
availa from the drinking system the cost of the 
former vas considered not justified. 

The cond feature of interest is the fuse plug 
fig. 1. If) which protects the heating coils against 
burnins out. In the past the coils have burnt out 
by ove: \eating resulting from stoppage of the valves 


or pipe ‘ine with sediment or from the water supply 


eng s iit off without the knowledge of the laboratory 
person: When either happens - the water in the 
Pipe coils quie kly reaches the boiling point and the 
heating clement is destroyed. To prevent this, the 
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Fic. 4.—Typical 


TEMPERATURE RECORDS 


fuse plug is inserted in the pipe coil just beyond the 
last heating element. This plug, shown in Figure 3, 
is inserted in one side of the line from the main switch 
to the heating coils. It consists of a brass shell, 
threaded to screw in a 2-inch standard tee, a bakelite 
center core, and a brass lock collar which holds the 
bakelite core in position. Brass terminals are mounted 
in the bakelite core and project into the interior open- 
ing. Contact is made between the two terminals by 
Wood’s metal, an alloy of bismuth, lead, tin, and cad- 
mium, which melts at about 601%° C. 

Should the temperature of the water in the pipe 
coil rise to this point, the Wood’s metal will melt and 
break the contact between the terminals, thus open- 
ing the heating-coil circuit. This is similar to the 
device used in some electric coffee percolators. The 
molten Wood’s metal is caught by a brass cup and 
may be used again to close the circuit. To permit 
better transfer of heat from the outside water to the 
alloy and also to preclude the formation of an are 
across the terminals, the interior of the plug is filled 
with a light lubricating oil. 

The third feature of interest is the apparatus for 
raising the humidity of the air in the moist closet 
quickly. This consists of a centrifugal blower (fig. 1, 
KF.) which draws air from the moist closet, forces it 
through a conical spray of water, and returns it to the 
moist closet. The apparatus is mounted on top of 
the moist closet. The water is discharged by the 
spray nozzle (fig. 1, G) into a mixing cone (fig. 1, H), 
where it hits a section (fig. 1, 1) of the cone at an angle 
of about 45°, is deflected at right angles to its original 
path, and meets the stream coming from the other 
side of the cone. This produces a mist which is 
picked up by the air stream and is carried into the 
moist closet. 

The spray and blower are run only during working 
hours when the moist-closet doors are being opened to 
insert specimens. During the night 2 inches of water 


in the bottom of the cabinet are depended upon to 
keep the humidity up to the desired degree. 

Several types of spray nozzles have been experi- 
mented with but none of them have given entirely satis- 
results. The humidity in the cabinet has, 
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however, been kept at a very high degree the average 
being about 95, and when the spray and blower are 
working, 97. Further experimentation with the 
spray nozzle is desirable and will be conducted as time 
permits. The humidity is measured by a wet-and- 
dry-bulb hygrometer mounted inside the moist closet 
and viewed through a window in the door. 

The temperatures of the moist closet, storage tank, 
and room air adjacent to the apparatus are registered 
by recording thermometers. Owing to the open 
tanks, the room air temperature has a considerable 
effect on the temperature of the storage water. During 
severe weather, when the room air temperature will 
probably drop to 45° or 50° F., the thermostat is set 
to a slightly higher value at close of work. Figure 
4 shows a normal set of temperature records for the 
moist closet, storage tank, and room air. 

Construction drawings for the moist-closet and 
storage-tank apparatus have been prepared and may 
be obtained upon request. 





HIGHWAY TRANSPORTATION AN IMPORTANT FAC. 
TOR IN MARKETING FRUITS AND VEGETABLES ' 


The larger cities receive such a great proportion of 
the total carload shipments of fresh fruits and vegeta- 
bles that it might seem at first glance that the rest of 
the country is rather poorly supplied. In 1926, for 
example, 36 of our principal cities unloaded 58 per cent 
of the car-lot shipments of 16 leading fruits and vege- 
tables. Nevertheless, the distribution of fruits and 
vegetables throughout the country is more thorough 
than these figures would indicate. The explanation 
is largely the motor truck. 

As a matter of fact, in certain eastern areas for which 
information is available the smaller markets appear 
to be well served with fruits and vegetables. An 
average of from 40 to 45 per cent of the carload receipts 
of box apples in 17 southern cities in 1926 were shipped 
out again to the surrounding territory by auto truck 
or in less than carload shipments. 

In general, the machinery for the redistribution of 
shipped-in fruits and vegetables to the small cities and 
to the rural population is fairly efficient, and the auto 
truck is constantly improving it. In Pennsylvania 
from 10 to 50 per cent of the southern peaches used in 
1926 in a number of cities with population ranging 
from 20,000 to 50,000 were brought in by truck or in 
less than car-lot shipments from Philadelphia or Balti- 
more. Southern peaches are on sale in most of the 
small towns and villages of eastern Pennsylvania dur- 
ing the heavy shipping season. Many dealers in the 
smaller cities have their own trucks and make regular 
trips to the larger markets for supplies. Peddlers and 
hucksters also assist in the distribution. 

It has been contended, from the fact that car-lot 
shipments go principally to the larger markets, that 
more car-lot shipments might profitably go to the 
smaller markets, many of which have cold-storage 
plants. This may be rather difficult with the more 
perishable products and those subject to sharp price 
fluctuations. In small markets it may take a dealer 
several days to dispose of acarload. Meantime, falling 
prices in the larger markets may enable competitors 


to bring in supplies by truck or in less than carload lots 


1 Reprinted from The Official Record of the U. S. Department of Agriculture. 


ROADS Vol. 9, No. 4, June, ‘92 


z 


at prices which the car-lot receiver can not meet wii h- 
out heavy loss. Lower transportation charges on 
car-lot shipments to small markets may be offset by 
the greater risk. By using the motor truck, the desler 
in the small city often feels he has a better choice of 
fresh produce and can be assured of better value in 
buying it. 

Much progress has been made in enlarging the de- 
mand for fruits and vegetables by effecting a wider 
and more thorough distribution among the consuming 
population. Dealers using theirsown or hired trucks, 
and hucksters and peddle rs who handle locally grown 
as well as slipped-in produce, have widened the area 
and increased the intensiveness of distribution. Their 
task has been made easier by the general development 
of the fruit and vegetable industry, which has improved 
the quality of produce offered, lessened waste, and 
made perishables available throughout a longer season 


RESISTANCE OF PORTLAND CEMENT CONCRETE 
TO THE ACTION OF SULPHATE WATERS As 
INFLUENCED BY THE CEMENT 


Continued from page 87 


5. Results of standard chemical analyses of Portland 
cements give no indication of resistance to sulphate 
waters. 

The geological differences of the raw materials o! 
different cements may possibly be one factor that must 
be considered in attempting to account for differences 
in resistance to sulphate waters. 

7. A satisfactory accelerated test is needed to facili- 
tate determining the resistance of a Portland cement to 
the action of sulphate waters. Until a better test is 
developed, the six-months’ briquet test, as outlined in 
this paper, is suggested. 


NEW BULLETIN ON HICHWAY BRIDGE SURVEYS 


Highway Bridge Surveys, by C. B. MeCullough, 
bridge engineer, Oregon Highway Commission, has 
recently been issued by the United States Department 
of Agriculture as Technical Bulletin No. 55. This 
bulletin discusses methods of reporting survey data, 
scope of surveys, investigations as to materials «vail- 
able, waterway required, stream gradients, fovnda- 
tion conditions, traffic, and the preparation of sketches, 
maps, and profiles. The bulletin has been prepared 
for the purpose of furnishing detailed instructions to 
field engineers as to the data necessary in designing 
highway bridges. 


REPORT ON THE SOILS OF CUBA 


Investigators studying the relation of _ to high- 
way design and interested in methods of soil study 
and classification for agricultural wre will find 
much useful information in The Soils of Cuba, by 
Hugh H. Bennett and Robert V. Allison, publis ed by 
the. Tropical Plant Research Foundation of Washing: 
ton, D.C. The publication is the result of cooperative 
study by the Tropical Plant Research Foundation 
and the Bureau of Soils of the United States | epart- 
ment of Agriculture. A short discussion of the 
characteristics of the types of soil encountere! from 
the point of view of the highway engineer is pr: ented 
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ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 


Applicants are urgently requested to ask only for those publications in 
which they are particularly interested. The Department can not under- 
take to supply complete sets nor to send free more than one copy of any 
publication to any one person. The editions of some of the publications 
are necessarily limited, and when the Department’s free supply is 
exhausted and no funds are available for procuring additional copies, 
applicants are referred to the Superintendent of Documents, Govern- 
ment Printing Office, this city, who has them for sale at a nominal price, 
under the law of January 12, 1895. Those publications in this list, the 
Department supply of which is exhausted, can only be secured by pur- 
chase from the Superintendent of Documents, who is not authorized 
to furnish publications free. 


ANNUAL REPORTS 


Report of the Chief of the Bureau of Public Roads, 1924. 
Report of the Chief of the Bureau of Public Roads, 1925. 
Report of the Chief of the Bureau of Public Roads, 1927. 


DEPARTMENT BULLETINS 


No. 105D. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1913. 
*136D. Highway Bonds. 20c. 
220D. Road Models. 
257D. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1914. 
*314D. Methods for the Examination of Bituminous Road 
Materials. 10c. 
*347D. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 
*370D. The Results of Physical Tests of Road-Building 
Rock. 15c. 
386D. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 
387D. Public Road Mileage and Revenues in the Southern 
States, 1914. 
388D. Public Road Mileage and Revenues in the New 
England States, 1914. 
390D. Public Road Mileage and Revenues in the United 
States, 1914. A Summary. 
107D. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1915. 

3D. Earth, sand-clay and gravel. 

532D. The Expansion and Contraction of Concrete and 
Concrete Roads. 10ce. 

*537D. The Results of Physical Tests of Road-Building 
Rock in 1916, Including all Compression Tests. 
oc. 

*583D. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25c. 

*660D. Highway Cost Keeping. 10c. 

*670D. The Results of Physical Tests of Road-Building 
Rock in 1916 and 1917.  5e. 

*69!D. Typical Specifications for Bituminous Road Mate- 

rials. 10c. 

Drainage Methods and Foundations for County 

Roads. 20c. 
*1077D. Portland Cement Concrete Roads.  15c. 
1259). Standard Specifications for Steel Highway Bridges, 
adopted by the American Association of State 
Highway Officials and approved by the Secretary 
of Agriculture for use in connection with Federal- 
aid road work. 
12791. Rural Highway Mileage. Income, and Expendi- 
tures, 1921 and 1922. 


*724D 


* Department supply exhausted 


DEPARTMENT BULLETINS—Continued 
No. 1486D. Highway Bridge Location. 
DEPARTMENT CIRCULARS 


No. 94C. T. N. T. as a Blasting Explosive. 
331C. Standard Specifications for Corrugated Metal Pipe 
Culverts. 


TECHNICAL BULLETIN 
No. 55. Highway Bridge Surveys. 
MISCELLANEOUS CIRCULARS 


No. 62M. Standards Governing Plans, Specifications, Con- 
tract Forms, and Estimates for Federal Aid 
Highway Projects. 
93M. Direct Production Costs of Broken Stone. 
*105M. Federal Legislation Providing for Federal Aid in 
Highway Construction and the Construction of 
National Forest Roads and Trails. 5c. 


FARMERS’ BULLETINS 
No. *338F. Macadam Roads. | 5c. 


SEPARATE REPRINTS FROM THE YEARBOOK 


No. *739Y. Federal Aid to Highways, 1917. 5c. 
*849Y. Roads. 5e. 
914Y. Highways and Highway Transportation. 
937Y. Miscellaneous Asricultural Statistics. 


TRANSPORTATION SURVEY REPORTS 


Report of a Survey of Transportation on the State Highway 
System of Connecticut 

Report of a Survey of Transportation on the State Highway 
System of Ohio. 

Report of a Survey of Transportation on the State Highways of 
Vermont. 

Report of a Survey of Transportation on the State Highways of 
New Hampshire. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL RESEARCH 


Vol. 5, No. 17, D- 2. Effect of Controllable Variables upon 
the Penetration Test for Asphalts and 
Asphalt Cements. 

Vol. 5, No. 19, D- 3. Relation Between Properties of Hard- 
ness and Toughness of Road-Build- 
ing Rock. 

Vol. 5, No. 24, D- 6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Vol. 6, No. 6, D— 8. Tests of Three Large-Sized Reinforced- 
Concrete Slabs Under Concentrated 
Loading. 

Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 
crete Slab Subjected to Eccentric 
Concentrated Loads. 
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